Surfactants are good candidates as selectors in mixed-mode reversed-phase liquid 17 chromatography (RPLC)/hydrophilic interaction liquid chromatography (HILIC) because they 18 contain both a hydrophobic and a hydrophilic moiety. Surfactin, a cyclic heptapeptide, is an 19 efficient biosurfactant produced by Bacillus subtilis that comprises seven amino acids and a 20 β-hydroxyl fatty acid. A surfactin-modified silica (SMS) stationary phase was prepared by amide 21 bond formation between amino groups on aminopropyl silica and the carboxylic acid groups of 22 L-Glu and L-Asp residues in surfactin. The resulting SMS stationary phase was characterized in 23 both RPLC and HILIC mode using different mobile phases. The SMS column was found to 24 separate analytes in both modes. The retention of polar solutes exhibited "U-shaped" curves, 25 depending on the acetonitrile content. "U-shaped" curves are an indicator of RPLC/HILIC 26 mixed-mode retention behavior. The presence of hydrophobic and hydrophilic moieties in 27 surfactin provides unique properties that allow the SMS column to be used for both RPLC and 28 HILIC separations, simply by changing the mobile phase composition. 29 30 2
Introduction

31
Reversed-phase liquid chromatography (RPLC) is widely used to retain and separate 32 hydrophobic and moderately hydrophobic compounds; however, it often cannot be used to separate 33 polar compounds due to lack of retention on the column. Normal phase liquid chromatography is 34 another choice, but non-polar mobile phases are poor solvents for polar compounds. Recently, 35 hydrophilic interaction chromatography (HILIC), where a bare silica or polar group (amine, amide, 36 cyano, diol)-bonded silica stationary phase and a hydro-organic mobile phase are used, has become 37 a valuable alternative for the separation of polar compounds. Separation in HILIC mode is 38 believed to result from the partitioning of analytes between a water-rich layer on the surface of the 39 hydrophilic stationary phase and the hydro-organic mobile phase, and from the interaction based on 40 hydrogen bonds between the analytes and the functional group on the stationary phase [1] . 41 Mixed-mode chromatographic separation based on more than one retention mechanism would 42 likely provide better separation than single mode separation. This new concept is gaining attention, 43 and several mixed-mode separation materials have been reported. Most mixed-mode separation 44 methods combine RP and anion-or cation-exchange. However, the column-packing materials 45 available for RPLC and HILIC mixed-mode separations are limited, although the combination of 46 these two chromatographic approaches may expand their applicability [ surfactant has yet to be reported. 60 Surfactin is an efficient biosurfactant produced by Bacillus subtilis [9] . It is a cyclic 61 heptapeptide consisting of seven amino acids and a β-hydroxyl fatty acid. Compared with 62 chemical surfactants, surfactin has some unique advantages such as lower toxicity, biodegradability, 63 and effectiveness at extreme temperature or pH values [10] . Surfactin is also known for its 64 antiviral, antitumor and hemolytic activities [11] [12] [13] . 65 In the present study, a surfactin-modified silica (SMS) stationary phase ( Fig. 1 ) was prepared by 66 amide bond formation between the amino groups on aminopropyl silica (APS) and the carboxylic 67 acid groups of L-Glu and L-Asp residues in surfactin. An SMS-packed column was characterized 68 in both RPLC and HILIC mode using different mobile phase compositions. During packing, the pressure decreased because glycerine was flushed out from the packed column. 99 Then, the packed HPLC column was flushed with methanol at 1.0 mL/min for 30 min; at 0.5 100 mL/min for 30 min; finally, at 0.2 mL/min overnight. 101 The HPLC system included a Shimadzu LC-20AD pump, SPD-20A UV detector and CR-8A 102 recorder (Kyoto, Japan). Flow rate was set at 0.2 mL/min with UV detection at 260 nm. All 103 aqueous solutions were made with the water that was deionized and distilled using WG 203 104 (Yamato Scientific, Tokyo, Japan) and then passed through a water purification system (Puric-Z, 105 Organo, Tokyo, Japan). 106 The column efficiency N was calculated from the number of theoretical plates per meter: where S is symmetry factor, W0.05 is the peak width at 5% height and f is the distance from peak 112 front to apex point at 5% height. 
